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Tém tit. Tru ciu dang tuong ré quat bé tong cdt thép thuong da dugc su dung rong réi trong cac cau
vuot d6 thi & cac nat giao khiac mirc tai Viét Nam do c¢6 wu diém Ve my quan va tiét kiém vat liéu. Tuy
nhién trong qua trinh thi cong ciing nhu khai thac, loai tru nay di xuat hién vét niit thang dung tai khu vuc
giita dinh tru & nhiéu cong trinh. Bai bao nay trinh bay két qua nghién ctru giai thich nguyén nhan xuét
hién vét nut thang dung tru cdu dang tuong ré quat bing mé hinh chdng giang, phuwong phap phan tir hiru
han va d6i chiéu vai sb lidu do dac thyc té nhiam dé xuat phuong phap thiét ké phi hop cho cac cong trinh
tuong tu trong tuong lai.

Tir khéa. Try cau dang tudng ré quat, md hinh chéng gidng, sy cd trong xay dung, nut tru ciu dang
tuong ré quat.

STUDYING ON THE CAUSES OF THE VERTICAL CRACKS APPEARED ON THE
FAN SHAPED REINFORCED CONCRETE PIERS

Abstract. The fan-shaped concrete piers have been widely applied in urban crossover bridges in
Vietnam due to the advantages of aesthetic and material saving. However, during the construction stage
as well as operation stage, vertical cracks occurred on the top of the piers in some bridges. The paper
presents the research on the causes appearing the cracks on the fan-shaped concrete pier based on strut -
tie model, finite element method and comparison with measurement data for proposing a suitable design
method for similar bridges in the future.

Keywords. Fan-shaped pier, strut and tie model, trouble in construction, cracks on the fan-shaped pier.

1.PAT VAN PE

Trong khoang 15 nim tré lai day, & Thanh phd H6 Chi Minh di xay dyng nhiéu cdu vuot tai cac niit giao
khac muc va str dung két cdu tru cau dang tudng ré quat bé tong cbt thép thuong. Dang tru cdu nay c6 my
quan dep va tiét kiém nguyén vat liéu so v6i cac tru cau than hep truyén thong, phu hop ding trong cac
cong trinh cau vuot trong d6 thi. Tuy nhién mot sd cau sir dung dang tru ndy nhu cau vuot niit giao Khu
A- Quén 7 (duong Nguyén Vin Linh va duong dan 1én cau Pha M), cau vuot nat QL1 véi duong
Nguyén Vin Linh- Binh Chanh, cau Nguyén Vian Cir- Quan 1, cau vuot trén duong vanh dai 2... da co su
xuét hién vét niit & mat bén, mat trén dinh tru va trén u chéng X0 & cac tru cau [1]. Tham chi ¢é 1 cau
trong giai doan thi cong di xuat hién vét nut theo phuong thing ding & mit bén va theo phuong ngang &
mit trén dinh tru cau dang ré quat.

Bai bao nghién ciru danh gid nguyén nhan xut hién vét nit cho mot try cau ré quat dién hinh ¢ thanh
phé Hb Chi Minh ding ¢ khia canh thiét ké nhim rat ra bai hoc kinh nghi€m trong cho qua trinh dao tao
nhan lyc, thiét ké, thAm tra va thdm dinh hd so nham han ché sy xuét hién vét nut cho tru cau dang ré quat
cua céc cong trinh tuong tu trong tuong lai.
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2. POI TUQGNG VA PHUONG PHAP NGHIEN CUU

Tru cau dang tuong ré quat cua cong trinh dai dién dugc nghién ctu ¢ c4u tao nhu hinh 1 véi chiéu cao
H tuy thudc vi tri cua try, tru cau béng bé tong cbt thép thuong co . = 30MPa, ludi cbt thép mat trén
dinh try dwoc bé tri 1a 1 16p gdm 15 thanh @16, cbt thép chiu nén theo phuong dimg bé tri 1 16p gdm 84
thanh ®32 tai chan try va 130 thanh tai dinh try @32, cuong do chiu kéo chay cbt thép la £,=420MPa [2].
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Hinh 1. Kich thu6c tru cau dang tuong ré quat dién hinh [2]

Trong qué trinh thi cong, cac don vi lién quan phat hién vét nit thing dung ¢ mat bén try, vét nut
ngang ¢ mat trén thén try va trén y chong x06 nhu dugce thé hién trén hinh 2, 3 va 4. Theo két qua quan tric
vét nurt do cac bén lién quan tién hanh, vét nurt xuét hién theo phuong thing dimg tai khu vuc giit gbi va u
neo, & mat hong tru bé rong cac vét niit do dugc 0,3mm dén 0,4mm v6i d6 sau tr 16mm dén 134mm va
try khong c6 chuyén vi bt thuong theo ca 3 phuong [2].

Hinh 2. Vét nit thing dtmg & mit ngoai than try. [2]

Hinh 3. Vét niit ngang & mit trén dinh tru [2]
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Hinh 4. Vét nitt & trén u chéng x6. [2]

Cac bén lién quan da ra soat toan bo qua trinh thi cong tru cdu va két luan chung 13 qua trinh thi cong
da tuan tha cac tiéu chuan k§ thuat ap dung cho cong trinh va khong xac dinh duoc nguyén nhan gay nut.
Pén day bai toan dat ra phai xac dinh dugc nguyén nhan xudt hién vét nit de phong tranh sy cb d01 voi
céc cau tuong ty trong twong lai. Sau khi ra soat lai phuong phép thiét ké, xuét hién mot sé diém can luu
¥ d6 1a ndi lyc trong tru dugc tinh toan theo mo hinh ot chir T va kiém toan theo so @4 dam hang cho mit
cit tai ngam (dlem cach tim g01 1 doan 1a R/3 voi R 1a ban kinh bo tron than tru) déu dam bao chiju luc.
Két qua kiém toan duoc thé hién trong bang 1.

Bang 1. Két qua kiém toan strc khang ubn mét cit thing ding cia tru cAu theo diéu 5.7.3.2.3 va diéu 5.8.2.1 tiéu
chuén thiét k& 22 TCN 272-05 [2].

Tru Kich thl}'(fC Noi dung Noi lwce trong Kha ning chiu K&t Tuan
: mat cat kiém toan thi cong " lye tinh todn ” :
T1 110.6x2m Momqnt udn M=813,40tm | M,=5283,30t.m M>M,
’ Luyc cat Q,=980,00 t Q=11329,771t Q>Q,
5 | 059%2m Moment uén | M,=637,00 tm | M=1578,29 t.m M>M,
’ Luc cat Q,=980,00 t Q=5773,68 t Q>Q,

Ghi chu: (1): N6i lyc phat sinh do tai trong tinh tac dung 1én gbi 1a 9800kN.
(2): Kha ning chiu lyc (ubn, cit) theo didu 5.7.3.2.3 va 5.8.2.1 ciia tiéu chuan 22 TCN 272-05

Dé 6 ludn cir khoa hoc danh gia nguyén nhén gay nut, bai bao ap dung phuong phap nghién ctru thiét
ké theo md hinh chéng glang tai diéu 5.6.3 cua 22 TCN 272-05 dé tmh toan 1u0'ng ¢bt thép chiu lyc mat
trén tru dang ré quat va kiém chimg bang phan mém phan tich két cdu bé tong cdt thép theo phwong phap
phan tir hitu han.

Mo hinh chéng gidng dugc phat trién lan dau boi Schlaich (1987), tiép tuc duoc phét trién boi Collins
va Mitchell (1991) va MacGregor (1992). Nam 1994 phuong phép nay lan dau tién dugc dua vao b tidu
chuan thiét ké cdu cia AASHTO va duge dua vao tiéu chuan thiét ké két ciu bé tong ciia Vién bé tong
My ACI 318-02. M hinh chdng gidng cung cp mot cach tiép can hop 1y bang cach thay thé cac két cdu
phtrc tap bang mo hinh céac thanh dan don gian phu hop [3].

Theo Tiéu chuan thiét ké 22 TCN 272-05 duoc 4ap dung, tai diéu 5.13.2.4.1 va 5.13.2.4.2: Véi dam
hang c6 chidu dai canh hang (a,) nhd hon chiéu cao mit cit (d) phai kiém toan theo theo so do ddm ngén
hay dam chia va phai thiét ké theo mo hinh chdng gidng [3].

Theo ACI 318-08, khai niém dam cao la dim chiu tai trong trén mot mit va duoc d& trén mat ddi dién,
do do trong dam hinh thanh nhiing thanh chéng (chiu nén) gitra tai trong va géi dd va c6 moét trong cac
dac dlem sau: (1) ty 1¢ chleu dai nhip (/) va chiéu cao dim (h) be hon hogc bang 4 lan; (2) tai trong tap
trung xudt hién gan vi tri gbi do (ndm trong khoang 2 lan chiéu cao dam tinh tir mép cta gdi d&). Khi thiét
ké dam khong tinh toan nhu cau kién chiu udn thong thuong ma phai chon theo mét trong cac phuong
phap: (1) theo quan diém phén bd bién dang 1a phi tuyén hodc (2) st dung md hinh gian do0. Phan b ting
suét trong dam cao (hinh 5) phy thudc vao ty 1& I/h va khi //h<4 thi phan bd ing sut hoan toan khac véi
dam thong thudng [4].
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Hinh 5. Phén bd tng suét ing vai chidu cao ddm, (a) /h=4, (b) V/h=2, (c) Vh=1, (d) I/h<4 [4].

CAu tao cac tru qﬁu ré quat thé hién tai hinh 1,’ dén day bué:c dau c6 thé khéng dinh viéc ap dung
phuong phap thiét ke thQng thuQng cua don vi thiét ke chp try cau re quat (hi’nh ’1) la chua phu hgp ma
phai ap dung mo hinh chong — giang hoac phuong phap phan tir hitu han dé thiet ke.

3.PANH GIA NGUYEN NHAN GAY NUT TRU CAU DANG TUONG RE QUAT

3.1. Tinh toan lwong cot thép cin thiét bd tri cho tru theo mé hinh chong giing

So d6 chdng gidng cia tru cau duoc xay dyung trén hinh 6 véi H=2,679m, bé téng than try c6 £ = 30MPa.
Cot thép co cuong do kéo chay f,=420MPa, 16p cdt thép chiu kéo trén dinh try duoc md ta bang thanh
chiu kéo 1 cach mat trén dinh tru 104mm gém 15®16, vi tri cua thanh chiu nén 2 va 3 duogc xac dinh
thong qua tri sb canh tay don néi luc la J, =0,6/=2,072m, goéc xién 06=55°37°58" va b, =1,26m,
b, =2,166m theo nguyén tic (mg sudt nén do tai trong phan bd déu 1én chan try [4], [5]. Tai trong tac
dung 1én 1 gdi cau theo trang thai giéi han cuong d6 dugc tinh toan bang phan mém MIDAS, trong giai
doan thi cong (chua hop long 2 nhip gitta) la P=9800kN va trong giai doan khai thac P=17800kN thong
qua gdi cau c6 kich thudc 1mx0,7m.
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Hinh 6. Mb hinh tinh phéan lyc gbi va mé hinh chéng gidng cua try cdu T1 cho trén hinh 1.

Noi luc trong cac thanh duoc tinh toan tir diéu kién can bf?mg luc tai cac nut, thu dugc két qua nhu trén
bang 2.

Bang 2. K&t qua tinh ndi lyc va (ng suét cac thanh theo so d6 chdng ging

A . Néi luc (kN) A
Thanh Cong thire Thi cong | Khai thac Ghi chu
1 T, = P.cotg(0) 6.702 12.173
2va3 | G=G=-D0L o | -11873| 21564
4 C,=-P.cotg(6) -6.702 -12.173
Luc kéo trong thanh giang 1 khong bd tri dy (g luc phai thoa mén diéu kién:
L<®.A,.f, €))
trong do:
®=0,9 1a hé s6 sirc khang keo doi voi bé tong cot thep thuong [6];
fy la cudng dd keéo chay cua cot thép.
Luong cdt thép chiu kéo toi thiéu cua thanh 1 1a:
A = @
r r r®.fy Y
Luc nén trong thanh chong 2, 3 c6 bo tri cot thép phai thoa man diéu kién:
C2 = C3 < q) fcu'Acc +fy'Ast (3)
trong do: )
A, la dién tich bgf: tong hiru hiéu cua thgmh chong;
A, 1a dién tich cot thép trong thanh chong;
®=0,7 12 h¢ 56 strc khang nén ddi voi bé tong cét thép thuong [3].
Khi do6 Iugng cot thép toi thieu trong thanh chong 2, 3 la:
1 (C
ASC = '(_2 - f;‘u 'AC‘CJ (4)
£\ @

trong do:
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= __Je <0,85.f; 1a ng suat nén gidi han trong thanh chdng; %)
0,8+170.¢,
g =&+ (gs + 0,002).cotg2(6’); (6)

& 12 bién dang kéo trong bé tong theo hudng giang chiu kéo.
Keét qua tinh toan luong cot thép t6i thi€u dugce the hién trong bang 3.

Bang 3. Két qua tinh luong cbt thép tdi thiéu trong giai doan thi cong va khai thac theo mé hinh chdng giing

Luwong cot thép toi thiéu (cm”) Luong cot thép theo . e

Thanh Thi cong Khai thac thidt ké (em?) Danh gia
1 177,30 322,04 30,16 Thiéu cot thép
2va3l 313,00 642.62 101,43 Thiéu cot thép

Nhan xét: LuUng thép cua thanh giang 1 dd bo tri thiéu dan dén thanh giang khong du kha nang chiu
lyc va lam giam ung suat gioi han trong bé tong f., cua thanh chong 2 va 3, diéu nay dan dén viéc xudt
hién vét mirt gan thang dvmg trén than tru nhw hinh 2. Trong trwong hop bé tri di lwong thép cho thanh
giang 1 thi lwong cét thép cho thanh chéng 2 va 3 ciing dam bdo théa man do img sudt gidi han trong
thanh chéng f., ting lén.

3.2. Phén tich si lam viéc ciia tru ciu ré quat bﬁng phin mém ATENA.

Pé klem ching két qua tinh toan bang mé hinh chong glang, tac gia tién hanh mo phong tru cdu c6 cac
thong sb cau tao nhu da mo ta tai muyc 3.1 ¢ trén bang phan mém chuyén dung ATENA. Bé tong dugc mo
phong 13 vét liéu bién dang phi tuyén ba chiéu (hinh 7) va ¢t thép duge mé phong 1a vat liéu bién dang
theo mé hinh song tuyén tinh (hinh 8).
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Hinh 7. M6 hinh vat liéu bé tong Hinh 8. Md hinh vat liéu c6t thép

Tai trong tac dung lén két cau dugc mé hinh dudi dang ap lyc tac dung 1€n bé mat tdm ké c6 kich
thudc 0,7x1m véi do 16n 1a 14 MPa tuong ting véi do 1on 9800kN trong giai doan thi cong. Téi trong nay
dugc chia thanh 10 budc tac dung 1én két chu, két qua mo phong dugc thé hi¢n trén hinh 9 dén hinh 12.

Theo két qua mo phong, do lugng cbt thép qua it dan dén tng suét trong cot thép dat dén gioi han chay
420MPa (hinh 9). Khi tng suét trong cot thép dat gidi han chay, toan b ng sudt kéo chuyén sang bé
tong chiu dan dén tng suat chinh 1011 nhit trong bé tong dat dén 3,7MPa (hinh 10) twong tng vdi bién
dang theo phuong chinh 14 2,25x10 (hinh 11) va bé rong vét niit 1a 0,62mm (hinh 12). Ung suat bé tong

trong than tru vugt qua gidi han khang nirt cia bé tong than tru 1a 0,8.f, =0,8.0,6 f; =2,761MPa dan
dén phat sinh vét nit theo huéng thang dung.
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Hinh 9. Két qua ung suat kéo trong ludi cbtthép, img  Hinh 10. Ung suat chinh 16n nhat trong bé tong tru dat
suat trong cot thép dat dén gidi han chay 420MPa. 3,7MPa

Hinh 11. Bién dang 16n nhét cua bé tong tru dat 2,259x 107,

Hinh 12. C4u truc vét nut trong bé tong than tru, d0 mé rong vét nirt 16n nhét trén dinh try dat dén 0,62mm
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So v6i két qua tinh toan md phong bang phan mém ATENA va két qua tinh toan theo ‘md hinh chéng
giang 1a phu hop. Diéu nay khang dinh nguyén nhan phat sinh vét nirt 1a do thiét ké 16p cdt thép chiu kéo
mit trén tru cau bi thiéu. Dé xir Iy van dé thiéu cdt thép nay co the ap dung cong ngh¢ du ing lyc ngoai
bang cap du tmg lyc hodc thanh thép cudng do cao Macalloy, van dé nay s& duoc ban ludn trong bai bao
khac.

4.KET LUAN

Pa phan cac ho so thiét ké di ap dung phuong phap mit cit tinh toan truyén thong hodc co thé da bo qua
tinh toan ma chi b tri ¢t thép theo kinh nghiém hay cac thiét ké mﬁu cua try tuong than hep c6 hinh
dang gﬁn tuong tu.... Qua két tinh toan, phan tich bang mo hinh chong glang va kiém chung bang phuong
phap phan tir hitu han ctia bai bao c6 thé két luan nguyén nhan nut try cau bé tong cot thép thuong co
dang tudng ré quat 1a do ap dung phuong phap tinh toan thiét ké chua phu hop.

Tir nhitng phan tich, tinh toan chi ra rang khi thiét ké loai tru cau dang ré quat phai 4p dung mé hinh
chéng giang 1 hét strc can thiét do tai day trudng ing suat nhiéu loan nén viéc ap dung phuong phap thiét
ké truyén thong 1a khong an toan.

Phuong phap tinh todn thiét ké theo mo hinh chong gidng con kha moi. Mat khac, trong ti€u chuén
thiét ké cau hién hanh dé cap con so sai, nén dan dén nhitng sy ¢6 dang tiéc trong thiét ké. Didu nay cho
thay su can thiét cua viéc cap nhat chuong trinh dao tao cua céac truong dai hoc va cac co quan nghién
ctru; ddi cac co quan tu van thiét ké, tu van thim tra va quan 1y nha nu6c 1a ddy 1a kinh nghiém tham
khao dé giai quyét cac bai toan thuc té nhdm han ché cac su ¢b twong ty trong tuong lai.
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